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Overview Figure S1 is a schematic of the technique we employ to reconstruct the past 50 years of Antarctic snowfall accumulation (SA). For the reader who desires a more technical treatment of the methodology, we provide a detailed section at the end of this document entitled "Calculation of reconstructed SA". To reconstruct SA for the most recent two decades (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , we use the ERA-40 precipitation fields, calibrating them to remove biases based on measured SA from overlapping ice core records. Below we provide a comparison of the ERA-40 snowfall data to ice core and snow stake records, adapted from Monaghan et al. (S1) , which shows that ERA-40 reliably reproduces interannual variability and trends in Antarctic SA. To reconstruct SA for the former 3 decades we apply a technique similar to ordinary kriging (S2) to the ice core records. Our kriging-like technique is a method of spatial interpolation that predicts unknown values at desired locations from data at known locations. In this manner, we can create a spatially homogenous gridded data set from ice core SA records. The great advantage of our technique is that we can use the 20-y of ERA-40 gridded precipitation fields (as discussed later, precipitation dominates Antarctic accumulation) to create a robust relationship to describe the spatial variability of SA changes, rather than relying on assumptions about the spatial autocorrelation of snowfall over Antarctica to calculate a variogram, as would be otherwise be required. Table S1 summarizes the basin-scale results from our reconstruction. Figure S2 and Table S2 summarize the observational records used in this study. Most are ice cores, but there are also snow pits from Vostok, a precipitation day record at Faraday/Vernadsky, and a composite of ice core and snow stake measurements at South Pole. The locations of each are shown in Fig. 1 of the manuscript, indicated by their number. These records are of varying lengths, but most go back to the mid1950s and extend through the mid-1990s. Based on this limitation, we chose a 4-decade period from over which to analyze the records. They are averaged spatially if several exist in a given region (Table S2 ). A few of the records are missing years on either end. These include LGB00 and MGA in region #3, which start in 1957, so the first 2 years are missing. Core LGB16 in region #4 ends in 1992, so the final 2 years are missing. Core LGB70 in region #5 is missing the final year, 1994. In order to apply our methodology consistently, each gap was filled in using the average of the available years within its respective decadal bin (i.e., 1955-1964, 1965-1974, 1975-1984, 1985-1994) . We expect the impact of the missing data to be small as they represent <1% of the total observations. All other records spanned the entire 40-y period, with one notable exception. Cores GD03, GD06, and GD15 in region #8 only span 30-y, 1955-1984 . However, we did not want to omit these valuable data from a region that is otherwise void of SA records. A comparison between the composite of these three cores and other nearby East Antarctic records was made, and a strong correlation was found with the composite of the records from regions #6 and #7 and #10 for the 3-year running mean of percentage SA change (r=0.73; Fig. S3a) , a relationship that explains over 50% of the variance. The final 10 years (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) of the stack for region #8 was then reconstructed by multiplying the 30-y mean SA for region #8 by 1 +/-the fraction of the SA deviation of #6-#7-#10 from its 30-y mean for each year of 1985 -1994 ).
Ice core and other observational data
There are three records that use observations exclusive of, or in addition to, ice cores: Vostok, Faraday/Vernadsky, and South Pole. A stack of 8 snow pit records are employed at Vostok. Ekaykin et al. (S3) compare this record with a more recent snow stake record for the 1970-1998 period and find good agreement. This suggests that the data are reliable for use in this study.
A precipitation day record is used for Faraday/Vernadsky, described in detail by Turner et al. (S4) .
The authors present a ~50-y record of precipitation days and use model data to show that precipitation days are directly proportional to the amount of precipitation occurring at Faraday with high confidence. This linear relationship infers that for a given percentage change in precipitation days (with respect to some baseline period) there is an identical percentage change in precipitation amount, the metric we desire for our precipitation reconstruction. This makes the record -which to our knowledge is the only contemporary observational record for Antarctic Peninsula precipitation variability that spans the entire 1955-1994 period -suitable for use in this study. Although it is not necessary, for consistency we convert the precipitation day measurements to annual precipitation values based on the linear relationship described by Turner et al. (S4) by using the only published measurement of annual precipitation at Faraday/Vernadsky (1045 mm y -1 in 1994), by the same authors. Although more than one year of precipitation data is desirable in order to account for long term variability, it is of little consequence to this study.
Multiple records are employed to reconstruct the SA record at South Pole (Fig. S4 ). Mosley- Thompson et al. (S5, S6) provide a comprehensive evaluation of South Pole SA. The following records shown in Fig. S4 are from their work: BETA-1 (10-y average of 11 ice cores), BETA-2 (20-y average of 11 ice cores), BETA-3 (10-y average of six ice cores), EMT-FARM (annual averages from a 235 stake network), SP-Pentagon (7-y average from a 42-pole stake network), OSU-1978 (12-y average from a 23-stake farm), and 7-mile cross (8-y average from a 140 stake farm). They (S5, S6) provide convincing evidence based on these records that a SA increase occurred at South Pole between the 1950s and 1990s
and the reader is referred to those publications for a comprehensive description. We desired some proxy of annual variability for this study in order to apply our method uniformly (although we are ultimately concerned with decadal means); this could not be achieved by using the results of Mosley-Thompson et al.
( S5, S6) alone. Two other annual time series were also introduced for this purpose. This first is the annual SA from an ice core drilled by the U.S. ITASE team (S7, S8) . This record is smoothed by applying a 3-y running mean ("ITASE_3-y" in Fig. S3a ). The record has suspiciously high SA in the early 1960s, and anomalously low SA in the late 1970's compared to the other records, but we feel that it should still be included as it gives an estimate of interannual variability and it cannot be proven to be grossly erroneous.
The second is an annual SA record from a 50-stake network near South Pole that was installed in the 1950s, although it has only been monitored continuously since 1978 ("SP-50-stake" in Fig. S4a ). The data from this network are archived by the University of Wisconsin Madison as monthly changes in snow depth averaged over the grid. The annual SA for the 50-stake network was calculated by compiling the monthly data and assuming the density of snow is 0.3 kg m -3 . Further discussion of this stake network, and a comparison to the ITASE core, is given by others (S9). We averaged all of the records in Fig. S4a for each year, yielding the "AVG_ALL" record which is employed in this study. Fig. S4b shows that when decadally averaged, "AVG_ALL" is in good agreement with the results of Mosley- Thompson et al. (S5, S6) , and thus we feel it is a valid proxy of South Pole SA over the 1955-1994 period. We performed the entire analysis using the ERA-40 precipitation fields, and again using the precipitation-minus-evaporation (P-E) fields, as proxy of SA. Precipitation, rather than P-E, was chosen for the final results presented in this paper because using P-E caused unrealistically low mean SA in several of the basins, especially in the Transantarctic Mountains along the Victoria Land coast. We felt this may cause impractical estimates of the GSL contribution of these basins. Despite this problem it is noteworthy that using P-E yields a nearly identical result in terms of percentage change in each individual basin, and averaged overall. Our use of precipitation is consistent with previous studies indicate it as the dominant term in the Antarctic surface mass balance (S13). Other SA terms are typically small compared to precipitation at the basin-and-larger scales considered in this work and recent studies indicate there are no statistically significant trends in sublimation, melt, or blowing snow divergence over Antarctica since 1980 (S14, S15). As discussed below, the ERA-40 precipitation field is adjusted for its bias with the SA observations in order to ensure a quantitatively accurate proxy of SA, and thus implicitly accounts for other SA components. Henceforth, and in the paper, it is referred to as ERA-40 SA.
The period from 1985 onward, rather than the entire ERA-40 period, is chosen for this analysis because the ERA-40 mean sea level pressure, 2-m temperature, and 500-hPa geopotential height are of questionable quality prior to the modern satellite era, about 1979 (S11). Van Table S3 , also from Monaghan et al. (S1) . They averaged the first-five years (1985) (1986) (1987) (1988) (1989) and last-five years (varies depending on the record) of each record in order to smooth the noise in the ice cores. There is a tendency to simulate lower-than-observed SA by ERA-40 precipitation, especially over the interior of the ice sheet (Fig. S5a) . The biases are compensated in this study by making an adjustment for the biases between ERA-40 precipitation and the observed records (the method is discussed below). Most importantly, the temporal changes are correctly simulated at 9/10 sites (Fig. S5b) ; this indicates that ERA-40 is sufficiently capturing the SA trends over the continent. The correlation coefficients between the simulated and observed records (Fig S5c) 
Sensitivity of results to methodology
To examine the robustness of the reconstructed SA to the methodology, we reconstructed the continental-scale SA using two additional, simple techniques. The first technique ("AVG_R") employs the mean of the percentage SA change from the 16 observational records, with each record weighted by the total area of grid boxes having a percentage SA change that correlates most closely with the percentage SA change in the grid box where the observation is located (inferred from the 20-y interannual ERA-40 SA).
The second technique ("AVG_NN") is similar to the first, but each observational record is instead weighted by the total area of grid boxes for which it is the nearest observation site. The results for both techniques yield reconstructions for the grounded ice sheet that are nearly identical to the results from our methodology (Fig. S6 ). This provides confidence that the reconstruction is robust and insensitive to the methodology used.
Sensitivity of results to data availability
Due to the relatively small number of observational sites employed in this study (sixteen), it is necessary to test the sensitivity of the results if some of the observations are removed. We did this by running four experiments. In each experiment, four observational sites were randomly removed (each one only once), and then the SA was recalculated using our methodology. The sites removed from each experiment were: RAND1 (2,8,10,11); RAND2 (5,6,7,14); RAND3 (1,3,4,12); and RAND4 (9,13,15,16).
Fig . S7 compares the four experiments to the control SA (CTRL; that which is presented in the manuscript). In all cases over WAIS, EAIS, and the entire grounded ice sheet, the sensitivity of the reconstructed SA to the removal of ¼ of the observations is small -less than 2 percent in all instances but one. The impact of these differences on the 50-y trends or the change of the final decade with respect to the 50-y mean is small. Therefore, we consider the methodology to be insensitive to the removal of data. 
Other Sensitivity Tests
We performed two other sensitivity tests to check the robustness of the results. One was to change the predictor (equation 5 below) from r 2 to r 3 , which, as expected, amplified the interannual/interdecadal variability in the basins for the prior 3 decades, making them appear more like the latter 2 decades. The end results were nearly identical; the decadal SA using r 3 was within 2% of our original results using r 2.
The trends over EAIS, WAIS, and the entire grounded ice sheet were also nearly identical. We chose r 2 as the predictor because it has physical meaning (r 2 is the variance), and because the spatial results using r 2 were more homogeneous than those using r 3 , which in some cases led to unrealistic patterns of change over small space scales.
The other test was to first average the percent change in the 16 observational records for each decade and apply our kriging-like technique (rather than apply the kriging-like technique to the annual change first, and then averaging the results by decade). The results for this test were also nearly identical to the results presented in the manuscript. Ultimately, we chose the method of first applying the kriging-like technique to the annual data and then averaging by decade because it allows a more physically-based method of determining uncertainty.
Calculation of reconstructed SA
This section describes the technical details of how the SA over Antarctica for the past 5-decades is reconstructed by blending ice core records with simulated precipitation from ERA-40. The generalized kriging technique (S2) is specified as
is the predicted value of a quantity at a desired grid point with coordinates (i,j), n is the number of observations (i.e., ice cores), k Z is the known quantity at the observation site, and
λ is a predictor (weighting coefficient) that must sum to 1. The predictor,
λ , is calculated from a variogram.
A variogram is a function that is derived from the relationships between pairs of observations and describes the similarity between a measurement and a desired grid point based on the distance between the points.
In this application we desire to avoid using the distance between two points to assess their relationship, as there may be a strong covariance between SA variability at two points that are very far apart due to teleconnections that arise from the time-mean large scale atmospheric circulation. Instead, we can directly, and more accurately, compute the predictor by exploiting the information about spatial variability provided by the 20-y of gridded precipitation data from ERA-40. Even though this may not be considered 'kriging' in the strictest sense, the final method of interpolating the data is the same (i.e., equation [1] is employed, only the weighting function is not calculated from a variogram); thus, we refer to the technique as "kriginglike". Details are given below.
Henceforth, "core site" will mean the site of an individual record (regardless of whether it is from a core, snow pit, or precipitation day observation). A considerable amount of noise can be present in ice cores due to SSPs caused by local topography, which can have a substantial effect on annual SA at a given site and mask the "true" SA signal for the region as a whole (S17, S18). Spatial and temporal averaging can be applied to reduce SSP noise. First, if several cores exist in a given region (Table S2) ) over the continent (see Fig. 2a in the manuscript) .
Next, the predictor, is the Pearson's correlation coefficient between percentage change at any grid point and the core grid point, and n r is the number of core regions. The variance, r 2 , gives more information than a variogram regarding the relationship between the observations and the grid points to which we will interpolate, and thus is the basis of our predictor, 
∆
is the annual SA change at each grid point with respect to the baseline period for each year during the 3 decades prior to the baseline, expressed as a percentage. The operator η i,j,k accounts for the sign of anticorrelations (we assume that if a core region is anticorrelated with a grid point that the relationship is just as likely to be valid as a positive correlation since it too is likely to arise due to the atmospheric circulation). It is noteworthy that no threshold is applied to eliminate weak correlations. This is due to the use of r 2 as the predictor, which makes weak correlations negligible in most cases, except in the few regions where all cores are weakly correlated with a given grid point (see Fig. 1 ). In these instances, the calculated uncertainty (discussed below) will be larger-than-normal and thus the weak correlations are accounted for. As noted above, another advantage of using r 2 as the predictor is that it allows points that are far apart but may have a strong covariance (due to teleconnections) to be weighted accordingly, whereas weighting by distance does not; this is an important consideration considering the relatively few observation sites available.
Before reconstructing the continent-wide SA for prior decades based on the change calculated in ∆ is the 10-y average percentage annual SA change for each decade, and y1 and y10 are the first and last years of 4 decadal bins (1955-1964, 1965-1974, 1975-1984, 1985-1994) .
The decadal average annual SA, , can be calculated (Fig. 2a) The regional SA averages over West Antarctica, East Antarctica, and the entire continent (Fig. 3 in   manuscript) , and the basin averages (Table S1 ) were calculated by first spatially averaging the annual SA for each grid point (from eqns.
[8] and [11] ) within the desired area (weighted by the area of each grid box to account for effect of latitude on the size of the grid boxes), and then temporally averaging for each decade. The boundaries of the basins and the ice sheet grounding lines were provided by David Vaughan (British Antarctic Survey) (S19). They were interpolated from a polar stereographic grid to the 1x1 degree grid used here.
Calculation of Uncertainty
The numerical uncertainty in an ice core is due to interannual variability, SSPs (i.e., sastrugi, surface roughness), large-scale perturbations (dunes), changes in density, and measurement error due to the techniques used to date the annual layers (S16). The standard deviation of the mean of the percentage change of the annual SA at a grid point for each of the 5 decades, In this application, we are primarily concerned with basin-and continent-wide SA changes, and we wish to calculate the uncertainty for entire regions, rather than a single grid point as in equation [13] . 2004 decade using equation [9] , to that using [6] . As opposed to the change calculated from [6] , the change calculated from [9] is an "exact" technique, since the precipitation is known at each grid point and does not have to be interpolated. To apply [6] -1964, 1965-1974, 1975-1984} 
{1985 -1994, 1995-2004} [16] .
This value is expressed as a percentage of the mean baseline SA for each basin, and thus is easily converted to a measurable value in millimeters of SA (WEQ) as shown by the error bars in Fig. 3 of the manuscript, which are +/-1σ calculated from equation [16] .
To calculate the statistical significance for the SA change for 1995-2004 versus the 50-y mean (last two columns of Table S1 ), we first pool Finally, the uncertainty for the 50-y trend for each basin in Table S1 (the 3 rd column from the right), was calculated by applying a two-tailed Student's t-test to check the goodness-of-fit of the each trend at the 95% confidence interval. The trend in each basin is the slope of the linear regression drawn through the 5 decadal means for each basin. This method neglects the uncertainty in the means themselves, but we do not evaluate this source of error since statistical significance is only achieved in two cases regardless. Table S1 . SA results by basin. In the last 3 columns, bold (underlined) values are statistically significant at p<0.05 (p<0.1). Basins (i.e., E'E") are shown in Fig. 1 Source of Accumulation Observation Abbreviated Name in Fig. S5 Approximate Location (see Fig. 1 Figure S1 . Schematic of technique employed to reconstruct 50-y record of Antarctic SA. Table S2 . Table S3 . (a) Mean accumulation (or precipitation from ERA-40) from 1985 to the end of the record (period varies depending on the length of the observational record-see Table S3 ). 
